Lymphoid Tissue Collection and Lymphocyte Stimulation. Mice were euthanized by a lethal dose of isoflurane. Auxillary, brachial, and inguinal draining lymph nodes were collected and passed through a 40 µm cell strainer to obtain single cell suspensions.
In vitro autoantigen stimulation. C57BL/6 and SJL/J FCG mice were immunized for 10 days. Lymphocytes from single cell suspension were isolated via lymphoprep density gradient (Axis-Shield), washed with 1xPBS, and resuspended in complete RPMI media (cRPMI; RPMI-1640 (Lonza), 5% FBS, 1% L-glutamine (200 mM, Gibco), 1% penstrep (Gibco), 1% NEAA (100x, Lonza), 1% sodium pyruvate (100 mM, Lonza), 1.25% 1M HEPES (Lonza), and 0.1% 2-merceptoethanol (55 mM, Gibco)). Lymphocytes were plated in 96-well plates at a concentration of 5x10 5 cells/100 uL with 25 ug/mL of MOG35-55 or PLP139-151, respectively, plus 20 ng/mL IL-12 and cultured at 37°C with 5% CO2 for 36 hours. Cells were spun down at 300xg for 10 minutes at 4°C and the supernatants were removed. Cells were harvested and washed with cRPMI media and resuspended in RoboSep Buffer. At least 1x10 6 cells were saved for flow cytometry studies in the C57BL/6. The remaining cells were sorted for CD4 + T lymphocytes by negative selection using EasySep Mouse CD4+ T cell isolation kit (STEMCELL) following manufacturer's instructions, homogenized in 600 uL of TriReagent (Zymo Research), and stored at -80°C for RNA isolation.
In vitro anti-CD3/CD28 stimulation. CD4 + T lymphocytes were isolated from single cell suspension of lymph nodes of nonimmunized, healthy C57BL6/J and SJL/J FCG mice by negative selection and cultured in cRPMI medium in 24-well plates at a concentration of 1×10 6 cells/mL with Mouse T-Activator CD3/CD28 Dynabeads (Gibco, Life Technologies) following the manufacturer's instructions at 37°C with 5% CO2 for 36 hours. Cells were harvested, spun down at 300xg, 4°C for 7 minutes, homogenized in 600 μL TriReagent (Zymo Research), and stored at -80°C until RNA isolation.
RNA Isolation.
Chloroform was added to cells suspended in TriReagent (Zymo Research) at a 1:5 ratio and centrifuged for 20 min at 4°C. The aqueous phase was separated for RNA isolation by the Direct-zol RNA microprep kit following manufacturer's instructions (Zymo Research Quantitative RT-PCR. cDNA was generated using Tetro cDNA synthesis kit (Bioline). qPCR was performed using PowerUp SYBR Green Master Mix (Applied Biosystems) in a Bio-Rad 70 Opticon 2 qPCR/Peltier Thermal Cycler at the UCLA-DOE Biochemistry Instrumentation Core Facility using the following primers: Mls3 (forward: 5'-ACT TCC ATG CCA GAC CAA CA-3', reverse: 5'-GGT CAA CAT TCT TTT CAG CTG GG-3'), Prps2 (forward: 5'-GGC TGC GGG GAG ATT AAT GA-3', reverse: 5'-GAG CAC GAC TCT CGC CTA C-3'), Hccs (forward: 5'-CGG AAA GGG TGG AAG TGG AA-3', reverse: 5'-CCT CCA AAT CGG ACC AAC GA-3'), Tmsb4x (forward: 5'-ATC AGA CTC TCC TCG TTC GC-3', reverse: 5'-TCA ATT GTT TCT TTT GAA GGC AGA G-3'), Tlr7 (forward: 5'-AAG GGG TAT CAG CAT CTG C AA-3', reverse: 5'-TGC TGA GCT GTA TGC TCT GG-3'), and Actb (forward: 5'-GGC TCC TAG CAC CAT GAA GA-3', reverse 5'-ACT CCT GCT TGC TGA TCC AC-3'). Msl3, Prps2, Hccs, Tmsb4x, and Tlr7 Ct values were normalized to Actb. DNA Methylation. Genome-wide DNA methylation was assessed using enhanced reduced representation bisulfite sequencing (ERRBS) as previously described (2). This method is a modified version of RRBS with significantly improved coverage within and outside of CpG islands, while allowing for accurate quantification of DNA methylation levels at a single base-pair resolution. Briefly, 25ng of genomic DNA was digested with MspI, a restriction enzyme preferentially cutting at CpG rich sites. This digested DNA was purified using phenol:chloroform extraction and ethanol precipitation, before blunt-ending and phosphorylation. A single adenine was added to the 3' end of the fragments in preparation for ligation of methylated and single indexed adapter duplex with a thymine overhang. The ligated fragments were then cleaned and processed for size selection on agarose gel. Selected fragments were treated with bisulfite, followed by PCR amplification to convert unmethylated cytosines to thymine nucleotide. After cleanup with AMPure XP beads, libraries were quantified using the Qubit assay and TapeStation High Sensitivity D1000 kit. Single-end reads of 50 base pairs were obtained for each library by sequencing 3 samples per lane using HiSeq4000 (Illumina). We then employed FASTQC (version 0.11.3) to assess the overall quality of each sequenced sample and identify specific reads and regions that may benefit from trimming. Next, TrimGalore (version 0.4.0) was employed to trim low-quality bases (quality score lower than 20), adapter sequences (stringency 6) and end-repair bases from the 3' end of reads. For alignment and methylation calling we employed Bismark (3) (version 0.14.3), an integrated alignment and methylation call program that performs unbiased alignment (by converting residual cytosines to thymines prior to alignment in both reads and reference). Briefly, we aligned reads to the reference genome (UCSC mm10 from iGenomes) using Bowtie2 (4) (version 2.2.1) with default parameters settings, except for maximum number of mismatches in seed alignment (N) set to 1, and length of seed substrings (L) set to 20. Methylation calls were reported for all nucleotides with a read depth of at least 10. Sites with >500 read depth were removed due to the likelihood that they are biased by duplicates from PCR amplification. We used the methylSig (5) R package (0.4.4) to assess the overall quality of methylation calls and coverage, as well as pairwise differential methylation. For each pairwise comparison methylSig uses a beta-binomial approach to calculate differential methylation statistics, accounting for variation among replicates within each group. We adjusted the p-values for multiple testing using the FDR approach, and considered sites to be differentially methylated when they had a percent change in methylation of at least 15% and a qvalue smaller than 0.1. Finally, we annotated sites and regions using UCSC Genome Browser's annotations for CpG islands, promoters and other genetic regions (6) . Enrichment of DNA methylation between chromosomes of CD4 + T lymphocytes from XmO and XpO mice was evaluated by Fisher's exact test. Genome wide enhanced reduced representation bisulfite sequencing data that support these findings has been deposited in the Gene Expression Omnibus (GEO) database under accession number GSE122787.
For assessing targeted DNA methylation changes, bisulfite sequencing was performed as previously described (7) (8) (9) (10) . Briefly, DNA was treated with sodium bisulfite using the EZ DNA Methylation kit (Zymo Research, Orange, CA). Sodium bisulfite treatment converts unmethylated cytosine residues to thymine, while methylated cytosine residues remain as cytosines. Sodium bisulfite treated DNA was amplified and directly sequenced (primers available upon request). Percent methylation on each CpG site was quantified using the Epigenetic Sequencing Methylation analysis software (ESME®) (11) .
Enrichment of DNA methylation between X chromosomes of CD4 + T lymphocytes from XmO and XpO mice was evaluated by Mann Whitney U test.
Allele specific RNA-Seq analysis. RNA-Seq data for F1 hybrid female tissues from reciprocal mating (CAST/EiJ x FVB/NJ and FVB/NJ x CAST/EiJ; maternal allele listed first in each cross) were obtained from GSE75957 (12) . A list of single nucleotide polymorphisms (SNPs) was obtained from The Jackson Laboratory (http://www.informatics.jax.org/snp). R package "QuasR" was used for the read alignment to the mouse genome (mm10) in an allele specific way (13), followed by counting at the gene level. In this cross, there is a significant strain effect favoring expression of X genes from the CAST/EiJ X chromosome since FVB/NJ X chromosome alleles are preferentially inactivated. To remove this strain effect, the expression level from CAST/EiJ alleles were divided by the expression level from FVB/NJ alleles after allele specific counting. This (a) normalizes the Xm level from the CAST/EiJ x FVB/NJ cross and (b) normalizes the Xp level from the FVB/NJ x CAST/EiJ cross. The same normalization process was applied for autosomal genes. Since there are only two samples per group, differentially expressed genes were defined such that both samples from one group must be higher (or lower) than the other group.
Statistical Analysis. All statistical analyses were done in a blinded fashion. Statistical analysis and production of figures for RNA-Seq data were performed in R (R Core Team, 2018, http://www.R-project.org/). Qualities of raw sequence data were examined using FastQC (version 0.11.3) (http://www.bioinformatics.babraham.ac.uk/projects/fastqc/) and Trimmomatic was used for cleaning (14) . R package "QuasR" was used for the read alignment to the mouse genome (mm10) followed by counting at the gene level (13) . To visualize the relationship of samples, principal component analysis was performed. We assumed read counts followed a negative binomial distribution and constructed generalized linear models based on this negative binomial distribution assumption. Differentially expressed genes between CD4 + T lymphocytes from XX and XYmice were identified using R package "edgeR" (15) . A false discovery rate (FDR) of 0.1 was used as the threshold for differentially expressed genes as described (16) (17) (18) (19) . See Dataset S1 for a list of differentially expressed genes for all RNA-Seq experiments.
Quantitative RT-PCR and flow data were evaluated by Mann-Whitney U test using GraphPad Prism 8.2.1 for Windows software. The use of the non-parametric Mann Whitney U test was determined based on the F test. Since some analyses required a nonparametric test, we used Mann-Whitney U test for all analyses to make them statistically comparable. Data are representative of two replicate experiments. Data are means ± SD with error bars representing biological variability between mice within each group. Exact P values and group sizes can be found in the figure legends. Data Availability. Datasets generated during this study are available in the Gene Expression Omnibus (GEO) database (https://www.ncbi.nlm.nih.gov/geo/) under the following accession numbers: GSE121292: autoantigen stimulated CD4 + transcriptomes from female C57BL/6J "four core genotypes" mice (10 samples, single end), GSE137793: autoantigen stimulated CD4 + transcriptomes from male C57BL/6J "four core genotypes" mice (10 samples, single end), GSE137791: nonimmunized, healthy anti-CD3/CD28 activated CD4 + transcriptomes from female C57BL/6 "four core genotypes" mice (9 samples, single end), GSE139034: nonimmunized, healthy anti-CD3/CD28 activated CD4 + transcriptomes from male C57BL/6 "four core genotypes" mice (10 samples, single There was no significant difference of autosomal CpG methylation between XpO and XmO in any region (CpG island p=0.4258, CpG shore p= 0.5557, CpG shelf p=1.000, Inter CGI p=0.4200, Fisher's exact test).
Fig S5.
Genes expressed higher from X m compared to Xp have more DNA methylation on X p compared to X m . The Xm/Xp gene expression ratios from the spleen of F1 hybrid mice (y-axis) were compared to Xm-Xp DNA methylation differences from CD4 + DNA methylation data of SJL XO mice (x-axis). Autosomal genes are shown in black, while X genes are shown in red. The distribution of autosomal genes did not show meaningful bias, but X genes localized in the bottom-right quadrant, indicating that X genes were expressed more from Xm and had more DNA methylation on Xp. This suggested that the higher DNA methylation on Xp was suppressing gene expression from Xp,
Fig. S6. CD4 + T lymphocytes from XX and XY -SJL mice have distinct transcriptomes.
RNA from autoantigen-(A-D) and anti-CD3/CD28-stimulated (E-H) CD4 + T lymphocytes from SJL "four core genotype" mice was analyzed by RNA-Seq. (A) PCA of autoantigen-stimulated CD4 + T lymphocyte transcriptomes showed separation of XX (n=5) and XY -(n=5) (B) Volcano plot showed the distribution of differentially expressed autosomal (black) and X (red) genes between XX and XY -. The X gene Xlr3b had higher expression in XYcompared to XX. (C) PCA of autoantigen-stimulated CD4 + T lymphocyte transcriptomes showed separation of XXSry (n=5) and XY -Sry (n=5). (D) Volcano plot showed the X gene Rpl10 had higher expression in XY -Sry. (E) PCA of anti-CD3/CD28-stimulated CD4 + T lymphocyte transcriptomes showed separation between XX (n=3) versus XY -(n=3). (F) Volcano plot showed the X gene Xlr3b had higher expression in XYcompared to XX. (G) PCA of anti-CD3/CD28-stimulated CD4 + T lymphocyte transcriptomes showed separation between XXSry (n=3) and XY -Sry (n=3) (H) Volcano plot showed no X genes had higher expression in XY -Sry. FDR<0.1 was used as the threshold for significance (green line): any gene above this line was considered significantly different (FDR was calculated using R package edgeR).
Table S1. Percentage of genes with CpG site methylation.
A total of 446 autosomal (A) genes and 270 X genes were analyzed for the methylation status of CpG islands. Xp had 122 (45.2%) X genes over 50% methylated, whereas Xm had only 3 genes (1.1%). Autosomal genes in both XpO and XmO had approximately 12% genes methylated.
Chr
Genes with methylated CpG (>50%) 
Additional Supplementary Data
Dataset S1. Differentially expressed gene lists for all RNA-Seq experiments in the FCG mice. High throughput RNA-Seq was used to analyze the transcriptomes of in vitro stimulated CD4 + T lymphocytes from immunized and nonimmunized, healthy C57BL/6J and SJL/J FCG mice. Differentially expressed genes were identified using FDR<0.1 as a threshold for significance (R package edgeR).
Dataset S2. Differentially methylated gene list between CD4 + T lymphocytes from XmO versus XpO mice. Global bisulfite sequencing was used to analyze DNA methylation of autosomal and X genes from CD4 + T lymphocytes from XmO and XpO mice. Differentially methylated CpG sites were identified using q-value<0.1 as a threshold for significance (R package methylSig).
